VLFACM  Program  Description  and 
Operational  Manual 


J.  P.  Hauser  and  F.  J.  Rhoads 

Transmission  Technology  Branch 
Information  Technology  Division 

Francis  J.  Kelly 

Ionospheric  Effects  Branch 
Space  Science  Division 


November  24,  1981 


NAVAL  RESEARCH  LABORATORY 
Washington,  D.C. 


D-.  -S  9  9 


07  9 


Approved  for  public  release;  distribution  unlimited. 


Sri* vis.i.J.  i- ■'  ••. 


SICgWlTY  CLASSIFICATION  OF  ThiS  PAGE  (When  Pat m  tniwidj 

f  REPORT  DOCUMENTATION  PAGE 


wfoWT  number 

NRL  Report  8530 

4.  TlTLC  fana  Subtitle) 


2  GOVT  ACCKS1ION  NO. 

?ro  '  A  1  e  y  < 


VLF ACM  PROGRAM  DESCRIPTION  AND 
OPERATIONAL  MANUAL 


READ  INSTRUCTIONS 
BEFORE  COMPLETING  FORM 
J..  reorient**  catalog  numser 


*  TYRe  OF  REPORT  I  PERIOD  COVERED 

Final  report  on  phase  1 


•  ■  PERFORMING  ORG.  REPORT NUM»ER 


Pr  authorhj 


».  CONTRACT  OR  GRANT  NUMiERft; 


J.P.  Hauser,  F.J.  Rhoads,  and  F.J.  Kelly 


».  PCRPORMINO  OROANIZATlON  NAME  AND  ADORP.tl 

Naval  Research  Laboratory 
Washington,  DC  20375 

II.  CONTROLLING  OFFICE  NAME  AND  ACORCSS 


4.  MONITORING  AGENCY  NAME  A  AOORESSf"  dllftont  Item  Conlrolllnl  Ollico) 


10.  PROGRAM  ELEMENT.  PROJECT,  TASK 
AREA  I  WORK  UNIT  NUMIERS 

41-0991-0-1 


12.  REPORT  DATE 

November  24,  1981 

"7T  NUMBER  OF  PAGES 

58 

II.  SECURITY  Ci. ASS.  Tot  i hit  report) 

UNCLASSIFIED 

~ISa.  DECLASSIFICATION/ DOWNGRADING 
SCHEDULE 


I  UT  OISTRIRUTION  STATEMENT  (ol  I hit  Report) 


Approved  for  public  release:  distribution  unlimited. 


|  IT.  DISTRIBUTION  STATEMENT  (ol  Ike  obotrecl  entered  In  Block  20,  II  dlllerenl  Iron  Report) 


II.  SUPPLEMENTARY  NOTES 


lit.  Kev  WORDS  (Continue  on  reveeee  elde  It  neceeeory  ond  Identity  by  block  tumble) 


VLF 

Propagation 

Ionosphere 


Earth-ionosphere  waveguides 
Atmospheric  noise 


1 20.  AUTftACT  (Continue  on  roveree  tide  It  noceeoory  mui  Identity  by  block  rtuaib ot) 


***  VLF  ACM  is  a  FORTRAN  computer  program  which  can  compute  signal  or  noise-field  strengths 
and  signal-to-noise,  signal-to-jam,  or  signal-to-jam-plus-noise  ratios  in  the  14-  to  30-kHz  frequency 
range.  Additional  postprocessing  programs  exist  which  can  plot  VLFACM  results  in  the  form  of 
rectangular  or  polar  contour  maps,  field  strength  versus  distance  plots,  or  diurnal  plots. 

At 


DD  iUSnt,  1473  COITION  OF  I  NOV  SS  IS  ORSOLCTC 

a/N  0102*014-  6601 


SECURITY  CLASSIFICATION  OF  THIS  RAOC  flWiwi  Pete  Bnftod) 


55  l°iso 


CONTENTS 


v-1 


INTRODUCTION .  I 

HISTORY  . 1 

PROPAGATION  MODEL . 2 

NOISE  MODELS  . 2 

STATISTICAL  METHODS  .  2 

VLFACM  OPERATIONAL  OVERVIEW  .  3 

VLFACM  NOMENCLATURE .  3 

VLFACM  INPUT  SPECIFICATIONS  .  5 

VLFACM  SAMPLE  JOBS  . 12 

PLOTTING  PROGRAMS  .  15 

REFERENCES . 16 

APPENDIX  A  -  VLFACM  Primed  Outputs  . 17 

APPENDIX  B  -  VLFACM  Graphic  Outputs  .  51 


|i  ~i- 


VLFACM  PROGRAM  DESCRIPTION  AND  OPERATIONAL  MANUAL 


INTRODUCTION 

The  Very  Low  Frequency  Automatic  Computation  Method  (VLFACM)  is  a  computer  program 
designed  to  evaluate  the  effectiveness  of  VLF  communication  circuits.  The  propagation  and  atmos¬ 
pheric  noise  models  cover  the  10-  to  30-kHz-frequency  range.  Signal  and  noise  thresholds,  signal-to- 
noise,  and  signal-to-jam  ratios  can  be  computed  for  specified  time  availabilities,  or  conversely,  time 
availabilities  may  be  computed  for  specified  ratios  and  thresholds.  VLFACM  is  written  in  FORTRAN 
and  is  presently  being  run  on  the  (NRL’s)  Texas  Instruments  Advanced  Scientific  Computer  (TI/ASC), 
which  is  a  large  batch  processing  machine. 

The  purpose  of  this  report  is  to  enable  someone  unfamiliar  with  VLFACM  to  operate  the  com¬ 
puter  program  effectively.  Effective  program  operation  entails  the  ability  to  properly  select  program 
options  and  interpret  the  results  as  well  as  the  expertise  to  execute  the  program  on  a  computer.  There¬ 
fore,  brief  but  adequate  descriptions  of  VLFACM  models  and  methodologies  are  given,  along  with  a 
detailed  description  of  operational  procedures. 

HISTORY 

The  VLFACM  propagation  model,  as  originally  developed  by  RCA  [1),  has  undergone  two  suc¬ 
cessive  modifications.  The  first  modification,  designated  "NRL  1  and  W.P.  18,"  consisted  of  adjust¬ 
ments  in  attenuation  rates  for  "poor  land,"  "arctic  land,"  and  "ice  cap"  [2],  The  first  revision  was 
prompted  by  gross  disagreement  between  the  VLFACM  propagation  model  and  data  collected  over  pro¬ 
pagation  paths  having  low-ground  conductivity.  A  second  revision,  designated  "NCPP  7(T  and  based  on 
a  much  larger  amount  of  data,  further  refined  the  attenuation  rates  and  excitation  factors  used  in  the 
VLFACM  propagation  model.  The  result  was  very  good  agreement  between  the  model  and  data  above 
14  kHz.  However,  since  no  data  below  14  kHz  were  used  in  the  analysis,  the  model's  validity  below  14 
kHz  is  questionable.  In  fact,  comparison  with  data  at  10.2  kHz  has  shown  gross  inaccuracies  in  the 
NCPP  70  propagation  model  at  this  frequency.  Therefore,  it  is  inadvisable  to  use  the  VLFACM  pro¬ 
gram  below  14  kHz. 

The  present  model  designation  for  the  VLFACM  program  is  NCPP  74.  The  designation  results 
from  a  change  in  the  atmospheric  noise  model  use*.'  by  VLFACM  rather  than  the  propagation  model, 
which  is  the  same  as  the  NCPP  70  version.  In  the  NCPP  74  version  of  VLFACM,  the  CCIR  noise 
model  (3)  is  replaced  by  the  WGL  noise  model  (4).  The  WGL  model,  as  refined  by  NRL,  is  more 
accurate  than  the  CCIR  model  [5]. 

The  majority  of  VLFACM  communication  coverage  predictions  existent  in  the  user  community 
have  been  generated  with  the  NCPP  74  model.  However,  some  u*  ;rs  still  may  have  predictions  com¬ 
puted  by  the  older  NRL  1  and  WP  18  or  NCPP  70  models.  Care  should  be  taken  when  determining 
consistency  of  new  results  with  older  work  to  assure  that  the  models  are  identical. 
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PROPAGATION  MODEL 

VLFACM  computes  the  first  two  moments  of  a  signal  distribution,  i.e.,  mean  and  standard  devia¬ 
tion,  at  a  receiver  location  given  the  location  and  power  of  the  transmitter,  the  universal  time,  month, 
and  frequency.  The  mean  signal  is  calculated  using  a  semi-empirical  dominant  mode  propagation 
model.  The  mathematical  formulation  is  similar  to  J.  R.  Wait’s  [6l  for  a  single  waveguide  mode.  How¬ 
ever,  the  modal  attenuation  rates  and  excitation  factors  are  empirically  derived.  The  following  parame¬ 
ters  are  accounted  for  in  the  computation  of  the  mean  signal  strength:  1.  changes  in  ground  conduc¬ 
tivity  along  the  propagation  path,  2.  changes  in  ionospheric  reflection  height  (day  or  night),  3.  solar 
zenith  angle  (for  daytime  propagation),  4.  direction  of  propagation  with  respect  to  the  earth’s  magnetic 
field  (for  nighttime  propagation),  5.  total  path  length,  and  6.  frequency.  Reference  2  gives  a  more 
detailed  explanation  of  how  mean  signal  strength  is  computed.  Also,  it  is  important  to  note  that  only 
the  vertical  electric  (TM)  field  component  at  the  ground  is  computed  by  VLFACM.  This  limits  the 
program's  applicability  to  TM  fields  generated  and  received  at  or  near  the  ground. 

The  standard  deviation  of  the  signal  strength  is  empirically  derived  and  is  based  on  the  following 
parameters:  I.  path  length,  2.  frequency,  3.  season,  4.  geomagnetic  latitude,  and  5.  ionospheric 
condition,  i.e.,  day,  night  or  transition.  Further  explanation  may  be  found  in  Ref.  7. 

NOISE  MODELS 

Both  the  CCIR  and  the  WGL  atmospheric  noise  models  are  included  in  the  current  revision  of 
the  VLFACM  program.  Both  models  compute  the  mean  and  standard  deviation  of  the  vertical  electric 
atmospheric  radio  noise  at  a  receiver  located  at  or  near  the  ground.  The  WGL  model  is  the  one  nor¬ 
mally  used  for  computing  noise  in  VLFACM.  However,  an  option  to  select  the  CCIR  noise  model  is 
also  available  to  facilitate  computing  noise  at  frequencies  above  30  kHz.  This  option  is  provided  to 
satisfy  the  requirements  of  some  users  who  have  needed  signal-to-jam  plus  noise  (S/J  +  N)  predictions 
in  the  30-  to  44-kHz-frequency  range.  The  technique  used  is  to  run  the  propagation  model  at  30  kHz 
and  degrade  the  resultant  signal  and  jam  fields  by  a  constant  number  of  decibels  to  simulate  the  higher 
frequency,  while  at  the  same  time  using  the  CCIR  noise  at  the  higher  frequency  The  method  is  admit¬ 
tedly  crude  and  is  viewed  as  a  stop  gap  measure  until  an  LF  program  is  produced  that  has  the  same 
signal-to-jam  capabilities  as  VLFACM. 

STATISTICAL  METHODS 

Both  the  propagation  and  the  noise  models  compute  the  first  and  second  moments  of  their  respec¬ 
tive  distributions  for  each  hour  of  a  24-hour  day.  Both  signal  and  noise  distributions  are  considered  to 
be  log-normally  distributed  over  the  span  of  one  hour  for  any  given  month.  In  other  words,  if  the  sig¬ 
nal  or  noise  were  measured  each  day  during  the  same  hour  over  a  one-month  period,  the  30  measure¬ 
ments  obtained  would  be  log-normally  distributed  From  these  moments,  i.e.,  S,  N,  <rN,  and,  in 
the  case  of  jam  signals,  J  and  o-j,  the  first  and  second  moments  of  the  ratio  distributions  are  derived  in 
the  following  manner: 

(s7n)  -  S  -  N 
o’vn  “  W  +  o-n)i/2 
(s/1)  -  s  -  J 

o-s/i  “  (°‘sJ  +  W)l/2- 

These  equations  are  valid  only  if  S,  N,  and  J  are  uncorrelated;  and,  this  is  assumed  to  be  the  case  in 
VLFACM.  Therefore,  the  S/N  and  S/J  distributions  are  likewise  log-normally  distributed. 
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VLFACM  also  computes  S/J  +  N  and  S/J+J  ratios.  The  estimates  of  the  first  and  second 
moments  of  these  distributions  are  complicated  by  the  linear  addition  of  J  +  N  and  J+J.  A  technique 
for  estimating  the  first  and  second  moments  of  a  linearly  combined  distribution,  given  the  first  and 
second  moments  of  its  addends,  may  be  found  in  Ref.  8. 

With  the  first  and  second  moments  of  a  log-normal  distribution,  one  may  calculate  the  threshold 
given  the  time  availability  or  the  time  availability  given  the  threshold.  A  threshold  is  a  value  of  S,  N, 
S/N,  S/J,  S/J+N,  or  S/J+J,  whereas  time  availability  is  the  percentage  of  time  that  a  threshold  is 
either  equaled  or  exceeded  at  a  specified  location  for  a  given  span  of  time.  VLFACM  can  compute 
thresholds  or  time  availabilities  on  either  an  hour-by-hour  basis  or  on  a  24-hour  basis.  In  the  event 
that  a  24-hour  basis  is  chosen,  VLFACM  performs  an  iterative  technique  to  find  the  threshold  of  the 
combined  24-hour  distribution  for  a  given  time  availability  [9].  If  the  time  availability  is  being 
computed  for  a  combined  24-hour  distribution  for  a  given  threshold,  it  is  computed  by  averaging  the 
hourly  time  availabilities. 

VLFACM  OPERATIONAL  OVERVIEW 

\ 

VLFACM  requires  two  files  of  data  for  proper  execution.  The  first  file  is  normally  read  in  via  a 
s  card  reader  or  entered  through  a  teletype  terminal  and  contains  the  input  specifications  for  essential 

|  parameters  such  as  transmitter,  receiver,  and  jammer  coordinates,  frequency,  radiated  power,  required 

;  time  availabilities  or  thresholds,  month,  and  option  flags.  The  second  Hie  contains  either  the  WGL-  or 

'  the  CCIR-noise  data,  depending  on  which  VLFACM  noise  option  has  been  selected.  It  is  the  user's 

responsibility  to  see  that  the  correct  noise  data  file  is  assigned  to  the  job. 

The  execution  of  the  VLFACM  load  module  generates  two  additional  files  of  data.  The  first  is  a 
print  file  containing  the  input  specification  data  and  either  the  threshold  levels  or  time  availabilities,  and 
tne  second  is  a  tape  or  disc  file  containing  the  same  information,  but  in  a  format  compatible  for  input 
to  plotting  routines.  The  plotting  routines  are  run  as  separate  programs  and  provide  a  variety  of  options 
for  graphic  presentation  of  VLFACM  data.  Figure  I  depicts  the  processing  involved  in  producing 
graphic  output  with  the  VLFACM  computer  program. 

VLFACM  NOMENCLATURE 

Several  points  about  VLFACM  nomenclature  are  worth  emphasizing.  The  first  is  the  distinction 
drawn  between  "A”  and  "IT  options.  "A*  options  compute  thresholds  or  time  availabilities  for  many 
i  points,  whereas  "B"  options  compute  for  onl:f  a  single  point.  Therefore,  one  must  specify  an  "A"  option 

if  the  final  graphic  output  is  to  be  a  contour  map  or  a  threshold/time  availability  versus  distance  plot. 
For  a  diurnal  plot,  one  must  begin  with  a  “If  option. 

"Time  availability"  (TA)  and  "probability"  are  often  used  interchangeably.  VLFACM  can  give  the 
time  availability  as  a  number  in  the  range  0  to  I  for  a  single  hour  of  a  month  or  for  all  hours  of  a 
month.  For  example,  a  90-percent  (.9)  time  availability  for  all  hours  of  the  month  means  that  for  a 
given  month  at  a  specified  location  the  threshold  levei  is  equaled  or  exceeded  90%  of  the  total  time 
during  that  month. 

The  preceding  example  also  illustrates  what  is  meant  by  the  "all  hours”  option.  The  other  options 
are  ^specific  hour"  or  "worst  hour."  Specific  hour  means  that  time  availability  or  threshold  is  computed 
for  each  specified  hour  rather  than  for  a  combined  24-hour  distribution.  For  example,  if  1200  GMT 
were  chosen,  a  90-percent  time  availability  would  mean  that  the  threshold  is  equaled  or  exceeded  90% 
of  the  time  during  the  1200  GMT  hour  over  the  span  of  a  month.  The  worst  hour  option  is  similar  to 
the  specific  hour  option  with  the  difference  that  VLFACM  determines  which  GMT  hour  has  the  lowest 
threshold  or  time  availability,  and  results  are  given  for  that  hour. 
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The  term  "threshold"  denotes  either  a  flclu  strength  level  or  a  ratio.  Signal  (S)  and  noise  (N)  Held 
strengths  are  given  in  dB  >  I  Sig«al-to-noise  (S/N),  signal-to-jam  (S/J)  and  signal-to-jam  plus 

noise  (S/J  -f  N)  ratios  are  given  in  decibels. 

VLFACM  INPUT  SPECIFICATIONS 

The  following  tables  give  a  card-by-card  description  of  the  input  specifications  required  to  properly 
execute  VLFACM.  Underlined  data  in  the  tables  are  punched  on  the  cards  exactly  as  shown.  The 
"Explanation"  portion  of  each  table  gives  a  very  detailed  explanation  of  the  contents,  purpose,  interplay, 
and  pitfalls  of  each  data  field.  A  careful  reading  should  give  one  a  good  understanding  of  how  to  exer¬ 
cise  the  variety  of  options  VLFACM  offers.  However,  initially  understanding  a  few  concepts  about  set¬ 
ting  up  a  VLFACM-input  specification  file  should  prove  helpful: 

1 .  A  General  card  is  always  the  first  card  and  a  Blank  card  is  always  the  last  card. 

2.  A  General  card  is  always  followed  by  an  Options  card  unless  an  "Ignore  Options"  flag  is  specified 
on  the  General  card. 

3.  All  cards  may  be  used  more  than  once  except  the  Blank  card. 

4.  The  RLOC  card  initiates  VLFACM  execution  for  the  B  options,  the  Radial  or  Sector  cards  initiate 
execution  for  the  A  options.  All  options  and  data  must  be  specified  prior  to  insertion  of  these 
cards. 

5.  VLFACM  "remembers"  all  data  and  options  until  a  new  Options  card  is  encountered.  Only  the 
data  which  needs  changing  has  to  be  respecified  before  inserting  another  Radial  or  Sector  card  (A 
'''Mions)  or  RLOC  card  (B  options)  to  re-execute  VLFACM.  However,  if  a  new  Options  card  is 
.  ...ountered,  all  data,  i.e.,  Station  or  TLOC,  MONTH,  SPROB  and  SNPROB  or  THRESH,  and 
Radial  or  Sector  or  RLOC  cards  must  be  respecified  even  if  they  have  not  changed.  Data  from 
the  General  card  need  not  be  respecified. 
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Table  I  —  General  Card 


Columns 

Dim  Description 

Explanation 

l-V 

GENERAL 

these  columns  must  be  coded  as  shown.  The  General  card  must  be  the  Aral  card. 

9-14 

Run  ID  (An) 

The  ‘Run  ID‘  is  provided  to  enable  easy  identification  of  VLFACM  output  The  'Run  ID* 
appears  on  all  printouts  and  plots.  It  may  be  left  blank  tf  the  'Run  ID*  Is  set  to 
INPUT  -  then  Cols.  16-17  give  the  Ale  device  number.  This  can  only  be  done  on  the  Arst 
Gene  ml  card 

15-16 

File  Device  (12) 

This  is  a  file  device  or  logical  unit  number  or  a  file  containing  the  remaining  VLFACM 
data  cards  if  they  are  not  on  the  standard  input  device  Normally  those  columns  would  be 
left  blank.  However,  this  makes  it  possible  to  create  a  long  Ale  of  VLFACM  input  cards 
on  another  device  and  automatically  read  it  with  VLFACM. 

18 

tinore  Options  til) 

A  X  in  this  field  sets  up  a  condition  whereby  the  option  Information  on  succeeding  General 
cards  will  be  ignored.  This  facilitates  usage  of  the  succeeding  General  cards  to  change 
jammer,  distance  increment,  or  loise  bandwidth  data  without  necessitating  the  use  of  addi¬ 
tional  Options  cards,  and  hence,  respcciftcalion  of  all  the  other  data  as  well.  Once  the 
‘Ignore  Options’  flag  is  set  it  remains  in  force  and  cannot  be  changed  on  a  succeeding 
General  card. 

41-43 

JAM 

This  is  a  flag  for  an  S/J  option  with  a  fixed  receiver,  a  fixed  jammer,  and  a  mobile 
transmitter.  Option  Bl  must  first  be  run  to  compute  the  jammer  field  strength  at  the 
receiver  location.  Then  an  A2  option  may  be  run  to  compute  thresholds,  or  an  A4  option 
may  be  run  to  compute  time  availabilities.  Also,  Bl,  B2  or  B3  options  may  be  run,  in 
which  cuse  the  transmitter  would  be  fixed  rather  than  mobile  Selection  of  the  JAM 
option  causes  Vi  values  to  be  computed  in  place  of  S  values.  Therefore,  S/J  and  S/N 
values  ate  computed. 

41-45 

JAM+N 

This  flag  does  the  same  thing  as  the  JAM  flag,  except  S/J-t-N  values  are  computed  rather 
than  S/J  values. 

41-46 

S/SCON 

This  is  a  flag  for  an  S/J  option  with  a  fixed  transmitter,  a  fixed  jammer,  and  a  mobile 
receiver.  Either  an  Al  option  for  thresholds  or  an  A.)  option  for  time  availabilities  may  be 
selected 

4.-45 

§£±N 

This  flag  dues  the  same  thing  as  the  S/SCON  flag,  except  that  S/J  -f  N  values  are  computed 
rather  than  S/J  values. 

41 -48 

blank 

A  blank  held  indicates  that  no  S/J  computation  will  be  made.  Rather,  S  and  S/N  values 
will  be  computed. 

49-56 

Jammer  Latitude  (F8.2) 

If  an  S/SCON  or  an  S/S+N  option  has  been  selected,  this  field  contains  the  jammer  lati¬ 
tude  in  degrees  Use  positive  values  for  north  latitudes,  negative  values  for  south  lati¬ 
tudes.  If  this  field  is  set  to  95 L,  then  VLFACM  will  attempt  to  read  Jammer  Info  cards 
containing  data  for  multiple  jammers.  Multiple  jammers  may  be  used  with  JAM, 
JAM  +  N.  S/SCON,  or  S/S  +  N  options.  !f  multiple  jammers  are  used  with  the  JAM  or 
JAM  +  N  options,  the  Jammer  Info  cards  provide  jammer  information  for  the  plotting  rou¬ 
tines.  However,  ihe  jammer  signals  are  still  computed  by  running  Bl  options,  as  slated 
above  in  the  JAM  option  flag  explanation  One  Bl  option  must  be  run  for  each  jammer  to 
compute  jammer  field  strengths  al  the  receiver  location. 

57-64 

Jammer  Longitude  (FI  2) 

If  an  S/SCON  or  an  S/S  +  N  option  has  been  selected,  this  field  contains  the  jammer  longi¬ 
tude  in  degrees.  Use  positive  value  for  east  longitudes,  negative  values  for  west  longitude 

If  multiple  jammers  are  used,  this  field  specifies  the  number  of  jammers  (maximum  of 
four)  to  be  used.  For  example,  if  the  field  contains  a  3.,  three  Jammer  Info  cards  would 
immediately  follow  Ihe  General  card  giving  the  information  for  each  of  the  three  jammers 

65-70 

Jammer  Power  (F6.0) 

This  field  specifies  the  jammer  power  in  kw  if  a  single  jammer  is  used. 

71-72 

Distance  Increment  (12) 

The  distance  increment  gives  ihe  spacing  in  degrees  between  receiver  locations  (At  and 
A3  options)  or  transmitter  locations  (A2  and  A4  options)  along  radials  from  ihe 
transmitter  (Al  and  A3  options)  or  the  receiver  (A?  or  A4  options)  If  left  blank,  the  dis¬ 
tance  increment  will  be  set  to  1*  For  S/SCON  or  S/S  +  N  options  increasing  the  distance 
increment  greatly  reduces  VLFACM  execution  lime. 

73-76 

Jammer  Name  (A4) 

This  four  character  field  contains  a  jammer  name.  It  may  be  left  blank  The  name  appears 
on  all  printouts  and  plots. 

77-80 

Noise  Bandwidth  (F4.0) 

The  noise  bandwidth  in  VLFACM  is  nominally  i  kHz  However,  n  may  be  changed  by 
coding  this  field.  The  noise  bandwidth  is  given  in  hertz  (Hz) 
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Table  2  —  Jammer  Information  Card 


Column* 

Data  Description 

Explanation 

Jammer  Info  tanh  are  uted  to  specify  iammer  data  for  multiple  Jammer  option*,  the  Jam¬ 
mer  Info  card*  must  Immediately  follow  the  General  card  on  which  the  multiple  Jammer 
option  wa*  specified  the  number  of  card*  should  agree  with  Ihe  number  coded  In 
column*  $7-64  of  the  General  card. 

ll 

Jammer  Latitude  Itt.JI 

Thl*  field  give*  the  Jammer  latitude  In  degree*.  North  latitude*  are  positive,  south  lati¬ 
tudes  are  negative 

9-'6 

Jammer  Longitude  013) 

this  field  gives  the  Jammer  longitude  in  degrees  Bast  longitudes  are  positive,  west  longi¬ 
tudes  are  negative. 

1 7-24 

Jammer  Power  (FI  3) 

this  field  gives  the  Jammer  redialed  power  in  kW. 

15-1* 

Jammer  Name 

this  four  character  field  contain*  the  Jammer  name.  It  may  be  left  blank.  The  name 
appear*  on  all  printouts  nnd  plots 

i 


Table  3  —  Options  Card 


Columns 

Data  Description 

Explanation 

TT 

OPtlONS 

the  Options  card  must  immediately  follow  the  General  card,  or  if  multiple  Jammers  are 
being  run,  the  Jammer  Info  cards. 

10 

Noise  Option  Flags  (II) 

Normally  this  column  i*  left  blank.  In  that  case,  WGL  noise  data  is  read  in  on  file  device 
#49.  However,  special  noise  options  may  be  executed  in  the  following  manner. 

: 

Col.  10  -  \  :  Noise  values  punched  on  two  cards  by  the  NOISLAN  program  may  be 
read  in.  The  first  card  contains  24  values  of  median  noise  field  strengths  and  the  second 
contains  24  values  of  standard  deviation  or  toe  noise,  this  noise  option  is  only  appropriate 
when  the  receiver  is  fixed,  i.c.  (A2,  A4,  Bl.  B2  and  B3  options). 

1 

Col.  id  »  J  :  The  CCIR  noise  model  will  be  used  rather  than  the  WGL  noise  model, 
the  CCIR  noise  data  is  reed  in  on  nie  device  #4.  Also,  a  CCIR  noise  card  must  immedi¬ 
ately  follow  the  Options  card  specifying  noise  frequency  (kHt)  and  a  delta  value  (dB>  to 
be  added  to  signal  and  Jammer  field  strength* 

Col  10  •  jj  :  This  specifies  a  noise  only  option  Instead  or  computing  S/N,  values  of 

N  will  be  computed 

1 1*16 

A  and  B  Option  Flags 

the  A  and  B  options  are  selected  by  putting  J  punches  in  this  field  as  follows: 

Al  (Axed  transmitter,  specify  T.A..  calculate  thresholds):  Col.  II 

A2  (fixed  receiver,  specify  T.A.,  calculate  thresholds):  Col.  1 1  and  13 

A3  (fixed  transmitter,  specify  thresholds,  calculate  T  A  J:  Col.  12 

A4  (fixed  receiver,  specify  thresholds,  cakualte  t.A.)  Cols.  12  and  13 

Bl  (point  to  point,  calculate  mean  and  sigma):  Col.  14 

B3  (point  to  point,  specify  T.A..  calculate  thresholds):  Col.  15 

B3  (point  to  point,  specify  thresholds,  calculate  T.A.):  Col.  16 

The  following  additional  cards  are  required  to  run  A  and  B  options. 

Al:  STATION  MONTH  SPROB  SNPROB  RADIAL 

A3.  STATION  MONTH  SPROB  SNPROB  RADIAL 

A3  STATION  MONTH  THRESH  RADIAL 

A4:  STATION  MONTH  THRESH  RADIAL 

Bl:  TLOC  MONTH  RLOC 

B3  TLOC  MONTH  SPROB  SNPROB  RLOC 

B3:  TLOC  MONTH  THRESH  RLOC 

19 

tRW  F'ag 

A  T  in  this  column  punches  cards  in  a  special  formal  which  was  used  solely  for  *  project 
done  for  TRW.  Otherwise,  leave  blank 

31 

Bl  Output  Flag 

A  T  in  this  column  creates  an  output  Ale  for  Bl  options  on  device  #10  which  contains  the 
data  required  to  run  the  BJPLOT  program. 

33 

B3  Output  Flag 

A  J  in  this  column  creates  an  output  file  for  B2  options  on  device  #10,  which  contains  the 
data  required  to  run  the  BJPLOT  program. 

34 

B3  Output  Flu 

A  J  in  this  column  creates  an  output  file  for  BJ  options  on  device  #10,  which  contains  the 
date  required  to  run  the  BJ  PLOT  program- 

7 


*-  +\': 


1 


HAUSER,  RHOADS,  AND  KELLY 


l 


Table  3  —  Options  Card  (Continued) 

25-26 

Specific  Hour/Worsl  Hour 
(12) 

this  Held  is  used  to  select  either  'specific  hour"  or  'worst  hour'  options.  Such  a  selection 

Is  only  appropriate  If  one  has  selected  one  of  the  A  options  If  this  held  is  left  blank,  an 
all  hours  option  Is  assumed 

Cols.  25-26  -  +1  :  "Worst  hour"  calculations  will  be  made  Tor  S,  S/J,  ni  S/J  +  N  In 
addition  to  the  “all  hour"  calculations.  No  computations  or  S/N  are  performed,  The 
SNPROH  card  specifics  time  availabilities  Tor  the  "worst  hour’  (Al  and  A 2  options)  nr  the 
S/N  thresholds  on  the  THRESH  card  specify  "worst  hour"  thresholds  (AJ  and  A4 
options). 

Cols.  25-26  m  - 1  "Worst  hour"  calculations  will  he  made  Tor  S/N  along  with  "all 
hour'  calculations  for  S/N.  No  calculations  of  S,  S/J  or  S/J  +  N  will  be  performed  The 
SPROB  card  speciHes  lime  availabilities  Tor  the  'worst  hour’  (Al  .id  A2  options)  nr  the  S 
thresholds  on  the  THRESH  card  specify  "worst  hnur*  thresholds  i,»  S/N  (AJ  and  A4 
options). 

Col.  2$-2(i  -  +2  :  "Specific  hour"  calculations  will  be  made  along  with  "all  hour*  calcu¬ 
lations  for  S.  S/J  or  S/J  +  N.  No  calculations  of  S/N  will  be  made  The  SNPROB  card 
specifies  time  availabilities  for  each  specific  hour"  (Al  and  A2  options)  or  the  S/N  thres¬ 
holds  on  the  THRESH  card  specify  ‘specific  hour"  thresholds  (AJ  and  A4  options) 

s 

Cols.  25-26  -  _2  :  "Specific  hnur"  calculations  will  be  made  along  with  'all  hour'  calcula¬ 
tions  for  S/N  No  calculations  of  S,  S/J,  or  S/J  +  N  will  he  performed.  The  SPROB  card 
specifies  time  availabilities  for  the  "specific  hour"  (Al  and  A2  options)  nr  the  S  thresholds 
on  the  THRESH  card  specify  ‘specific  hour’  thresholds  for  S/N  (AJ  and  a4  options) 

If  a  "specific  hour"  option  has  been  selected  (  +  2  or  ^2  in  Cols  25-26),  specific  hour  data 
must  be  given  on  tl.e  SPECIFIC  HOUR  card  immediately  following  the  Options  card.  Is 
the  evet:'  that  CCIR  noise  in  being  used  (j  in  Col.  10),  the  SPECIFIC  HOUR  card  follows 
immediaiely  after  the  CCIR  NOISE  card. 

27-28 

Path  Increment  (12)  for  Bl 
Outputs 

This  field  specifies  a  great  circle  path  increment  in  degrees  along  which  Bl  outputs  will  he  ; 
generated  by  running  an  Al  option.  If  the  Bl  output  flag  (J  in  Col  21)  is  set.  the  Bl  data 
will  be  written  on  device  #10  and  the  no  A  option  output  flag  (X  in  Col.  J!)  must  he  set 

Also,  the  range  increment  (Cols  71-72  on  the  General  card)  must  be  left  blank  Other¬ 
wise,  flags  and  data  art  apecified  just  as  for  an  A 1  option. 

24-JO 

Printout  Skip  Increment  (12) 

Specifying  a  number  in  this  field  will  reduce  the  volume  of  printout  for  A  cpttons.  For 
example,  if  Col.  JO  -  4  only  every  fourth  bearing  which  is  calculated  will  actually  be 
printed.  The  output  file  on  device  #10  is  unaffected 

.11 

No  A  Option  Output  Flat 

A  J  in  Col.  Jl  will  flag  VLFACM  to  not  write  A  option  output  on  device  #10.  The  A 
option  printed  data  is  unaffected. 

Table  4  —  CC1R  Noise  Card 


Columns 

Data  Description 

Explanation 

This  card  is  needed  only  if  the  CCIR  noise  is  being  used  <2  in  Col.  10  of  Options  card). 

1-10 

Noise  Frequency  (FI0.2) 

This  field  specifies  the  frequency  in  kHa  at  which  CCIR  noise  will  be  computed  It  does 
not  affect  the  frequency  al  which  signal  or  jam  Relda  are  computed 

11-20 

Delta  (110  2) 

This  field  specifies  a  delta  in  dB  to  add  to  both  signal  and  yam  field  strengths  to  account  for 
a  shift  in  frequency  Tram  JO  kHz  (VLFACM  maximum  frequency)  to  a  higher  frequency. 
Merely  adding  a  constant  to  all  signals  is  extremely  crude  and  is  meant  to  serve  as  an 
interim  measure  until  an  LF  program  is  produced  which  has  the  same  capabilities  as 
VLFACM 

Table  5  —  Specific  Hour  Card 


Columns 

Data  Description 

Explanation 

This  card  is  needed  only  if  a  "specific  hour"  option  has  been  specified  (+2  or  zJ  in  Cols 
25-26  of  Options  card). 

1-2 

Number  of  Hours  (12) 

This  field  gives  the  number  of  different  ‘specific  hours'  to  be  calculated  (#  i  6). 

J-20 

Specific  Hours  (6IJ) 

This  field  specifies  the  hours  in  GMT. 
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Table  6  —  Station  Card 


Columns 

Data  Description 

Explanation 

T? 

STATION 

The  Station  card  is  required  Tor  all  the  A  options 

9-12 

Station  Name  (Aa) 

This  Tour  character  held  contains  the  station  name.  It  may  be  ten  blank.  For  Al  and  A3 
options  it  names  the  transmitter,  and  tor  A2  and  A4  options  It  names  the  receiver.  The 
name  appears  on  sll  printouts  and  plots. 

14-20 

Station  Latitude  tF'7..t) 

This  field  fives  the  station  latitude  in  detrees.  North  latitudes  are  positive  and  south  lati¬ 
tudes  are  naiatlve.  For  Al  and  A3  options  this  Is  the  transmitter  latitude  and  Tor  A2  and 
A4  options  this  is  the  receiver  latitude. 

22-2  9 

Station  Loniitude  (Fit  .3) 

This  Held  lives  the  station  loniitude  in  deirees.  Fast  loniitudes  are  positive  ant*  west 
lontitudes  are  neiative.  For  A>  and  A3  options  this  is  the  transmitter  loniitude  and  Tor 
A2  and  A4  options  this  is  the  receiver  loniitude. 

-41-35 

Frequency  (F5.I) 

The  frequency  is  liven  in  kHt.  This  Is  the  frequency  at  which  all  sltnals  and  noise  are 
computed  unleu  otherwise  specified,  t.e.,  the  CCIR  NOISE  card.  Care  ahouh'.  be  taken, 
however,  when  runnini  a  JAM  or  JAM  +  N  options  io  make  sure  that  the  Jammer  fre¬ 
quency  on  the  TLOC  card  end  the  transmitter  frequency  on  the  Station  card  spree. 

JM5 

Power  (FIO.I) 

This  Held  lives  the  radiated  power  of  the  transmitter  in  kw. 

Table  7  -  TLOC  Card 


Columns 

Data  Description 

Explanation 

1-4 

ILQC 

The  TLOC  card  is  required  for  all  the  B  options. 

9-U 

Transmitter  Name  (A4) 

This  four  character  Held  contains  the  transmitter  name.  It  may  be  left  blank. 

14-20 

Transmitter  Latitude  (F7.3) 

This  field  lives  the  transmitter  latitude  in  derrees.  North  latitudes  are  positive  and 
south  latitudes  are  neiative. 

22-29 

Transmitter  Loniitude  (FI  JI 

This  Held  lives  the  transmitter  loniitude  in  depress.  East  loniitudes  are  positive  and 
west  loniitudes  «re  neiative. 

3135 

Frequency  (F5  \ ) 

The  frequency  is  given  in  ktii. 

JO-45 

Power  (HO  1) 

This  held  lives  the  radiated  power  of  the  transmitter  ir  kw. 

Table  8  —  Month  Card 


Columns 

Data  Description 

Explanation 

1-5 

MONTH 

The  Month  card  is  required  for  all  A  and  B  options. 

9-11 

Month  Abbrev.  (A3) 

This  field  contains  the  first  throe  letters  of  the  month,  i.e.,  JAN,  FEB,  MAR.  etc. 

Table  9  -  SPROB  Card 


Columns 

Data  Description 

Explanation 

1-5 

SPRQB 

The  SPROB  card  is  required  for  Al  A2,  and  B2  options. 

9 

Number  of  T.A 's  (II) 

Up  to  three  time  availabilities  may  be  specified  (Col.  9  -  J,  J,  or  })  VLFACM  can  com¬ 
pute  three  time  availabilities  almost  us  rapidly  as  il  can  compute  one.  Therefore,  the  prac¬ 
tice  has  been  to  always  specify  the  maximum  number  of  lime  availabilities. 

10-14 

lit  T  A  (F5  3) 

Thia  field  lives  (he  Drat  lime  sviilabilily  for  S,  S/J.  or  S/J  +  N  ’all  hour*  predictions  or 
S/N  'worst  hour"  or  'specific  hour  predictions,  il  is  s  number  between  0  and  I. 

15-19 

2nd  T.A.  (F5.3) 

This  is  second  time  availability  (0  <  T.A.  4  1). 

20-24 

Jrd  T.A  (F5.J) 

Thia  il  the  third  time  availability  (0  4  T.A.  4  1). 
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Table  10  -  SNPROB  Card 


Columns 

Dsu  Description 

EspUnstion 

1-5 

SNPROB 

The  SNPROB  ctrd  is  required  for  Al,  A2,  and  B2  options. 

9 

Number  of  T.A.’s  (A3) 

Up  to  three  time  availabilities  may  be  specified  (Col.  9  -  \,  or  3).  Practice  has  been  to 
specify  the  maximum  of  three  time  availabilities. 

10  14 

1st  T  V  (F5.3) 

This  Held  lives  the  Drat  time  availability  for  S/N  'all  hour*  predictions  or  S,  S/J,  or 
S/J  +  N  "worst  hour"  or  "specific  hour"  predictions.  It  is  a  number  between  0  and  1. 

15-19 

2nd  T.A.  (FS.3) 

This  is  the  second  time  availability  (0  ^  T.A.  ^  l). 

20-24 

3rd  T.A.  (F5.3) 

This  is  the  third  time  availability  (0  <  T.A.  ^  1). 

Table  11  -  THRESH  Card 


Columns 

Data  Description 

Explanation 

1-6 

THRESH 

The  THRESH  card  is  required  for  A3,  A4,  and  B3  options. 

9 

Number  of  Thresholds  (11) 

Up  to  three  thresholds  may  be  specified  (Col.  9  -  1,  2,  or  3). 

10-15 

1st  Threshold  (F6.3) 

This  field  lives  the  first  threshold  for  S,  S/J,  or  S/J  +  N  'all  hour”  predictions  or  S/N 
'worst  hour"  or  'specific  hour'  predictions.  Si|nal  is  |iven  in  dB  >  1  nv/m  and  all  ratios 
are  liven  in  dB. 

16-21 

2nd  Threshold  (F6.3) 

Same  as  Cols.  10*  15, 

22-27 

3rd  Threshold  (F6.3) 

Same  as  Cols.  10-15. 

29 

Number  or  Thresholds  (11) 

Up  to  'ee  thresholds  may  be  specified  (Col.  29  -  _1,  2,  or  3). 

30-35 

1st  Threshold  (F6.3) 

This  Aeld  lives  the  first  threshold  for  S/N  "all  hour  predictions  or  S,  S/J,  or  S/J  +  N 
'worst  hour'  or  'specific  hour'  predictions.  Signal  is  liven  in  dB  >  1  (iv/m  and  all  ratios 
are  liven  in  dB. 

36-41 

2nd  Threshold  (F6.3) 

Same  as  Cols.  30-35. 

42-47 

3rd  Threshold  (F6.3) 

Same  as  Cols.  30-35. 

Table  12  -  RLOC  Card 


Co'umns 

Data  Description 

Explanation 

1-4 

RLOC 

The  RLOC  card  is  required  for  the  B  options.  It  is  the  card  which  initiates  execution  of 
the  VLFACM  proiram  and  should  only  be  inserted  after  all  other  B  option  data  has  been 
specified. 

9-12 

Receiver  Name  (A4) 

This  four  character  field  contains  the  receiver  name.  It  may  be  left  blank.  The  receiver 
name  appenrs  on  all  printouts  and  plots. 

14-20 

Receiver  Latitude  (F7.3) 

The  receiver  latitude  is  given  in  degrees.  North  latitudes  are  positive  and  south  latitudes 
are  negative. 

22-29 

Receiver  Loniitude  (F8.3) 

The  receiver  loniitude  is  liven  in  deirees.  East  loniitudes  are  positive  and  west  lonii- 
tudes  are  neiative. 

10 
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Table  13  —  Radial  Card 


Columns 

Oats  Description 

Explanation 

7-6 

RADIAL 

The  Radial  card  is  required  Tor  the  A  options.  It  is  the  card  which  initiates  execution  of 
the  VLFACM  program  and  should  only  be  inserted  after  all  the  other  A  option  data  has 
been  specified  1 

9-11 

First  Bearing  (13) 

This  is  the  initial  geographic  bearing  in  degrees  east-of-north  (0“-360*)  of  a  radial  starting 
at  the  location  on  the  Station  card.  For  A)  and  A3  options,  receivers  will  be  placed  along 
the  radials.  For  A2  and  A4  options,  transmitters  will  be  placed  along  the  radials. 

IMS 

Last  Bearing  (13) 

This  is  the  final  bearing.  It  is  also  given  in  degrees  east-of-north.  However,  it  must 
always  be  larger  in  magnitude  than  the  first  bearing.  For  example,  if  one  wished  to  com¬ 
pute  the  nor'hly  radials  from  a  first  bearing  of  270*  around  through  the  0*  beating  to  a  last 
bearing  of  90*,  one  would  specify  the  last  hearing  as  450.  i.e  ,  (90°  -f  360*). 

17-19 

First  Distance  (13) 

This  is  the  initial  starting  distance  in  degrees.  The  distance  increment  is  given  in  Cols. 
71-72  of  the  General  card. 

21-23 

Last  Distance  (13) 

This  is  the  final  distance  in  degrees.  VLFACM  will  compute  thresholds  or  time  availabili¬ 
ties  along  each  radial  at  the  end  point  or  each  successive  distance  increment  until  the  last 
distance  is  exceeded.  There  is  a  limit  to  the  number  of  points  along  a  radial  at  which  com¬ 
putations  can  be  made  (#  pis.  •  (first  dist.-last  disl.)/dist.  inc,  + 1)  The  normal  limit  is 
133  points  However,  if  multiple  jammers  are  used,  the  limit  is  30  points. 

25-27 

Bearing  Increment  (13) 

The  bearing  increment  gives  the  spacing  in  degrees  between  each  successive  radial.  Since 
bearings  are  specified  in  degrees  east-of-north,  incrementing  the  bearing  computes  succes¬ 
sive  radials  in  a  clockwise  direction  until  the  last  bearing  is  exceeded. 

Table  14  —  Sector  Card 


lEgfflHl 

Data  Description 

Explanation 

1-6 

k  SECTOR 

The  Sector  catd  provides  an  alternative  to  the  Radial  card.  It  behaves  the  same  way  as  the 
Radial  card  in  that  it  initiates  execution  of  the  VLFACM  program  for  A  options.  The  Sec¬ 
tor  card  defines  an  area  to  be  entirely  covered  by  radials.  It  computes  the  parameters 
specified  on  the  Radial  card  and  is  particularly  useful  when  the  area  does  not  contain  and 
is  far  away  from  the  Station  location. 

11-20 

h  irth  Boundary  (FI 0.2) 

This  field  contains  the  latitude  in  degrees  of  the  northern  boundary  of  the  area. 

21-30 

East  Boundary  (FI0.2) 

This  field  contains  the  longitude  in  degrees  of  the  eastern  boundary  of  the  area. 

31-40 

South  Boundary  (F10.2) 

This  field  contains  the  latitude  in  degrees  of  the  southern  boundary  of  the  area. 

41-50 

Wesi  Boundary  (FI0.2) 

This  held  contains  the  longitude  in  degrees  of  the  western  boundary  of  the  urea. 

Table  15  —  Blank  Card 


Columns 

Data  Description 

Explanation 

1-80 

Blank 
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VLFACM  SAMPLE  JOBS 

The  VLFACM  sample  jobs  presented  in  this  section  illustrate  the  card  deck  structure  for  running 
a  few  of  the  most  communly  used  VLFACM  options.  The  JSL  (Job  Specification  Language)  state¬ 
ment  are  peculiar  to  the  Tl/ASC.  However,  their  counterparts  would  be  required  to  run  a  job  on 
another  machine.  The  VLFACM  input  shown  here  is,  of  course,  valid  for  any  machine  assuming  the 
program  has  been  properly  converted,  A  sample  job  illustrating  some  of  the  A  options  is  presented 
first,  followed  by  notes,  and  then  note?  for  a  sample  job  illustrating  B  options  are  given,  followed  by  the 
sample  job.  Printed  outputs  from  these  jobs  are  in  Appendix  A. 


/  JOB  HAUSFR*VLF4C*.AlC99lCl.H«IJSJl,C!tT  =  2i,L0C  =  ftTE8 
/  LIBIT  8AND  =  10(mNTN  =  3C 
/  JSIOPTS  OPT  =<L  ) 

/  ASG  SYS.LNO0,USERCAT/C'54/B6e/HAUSJl/VLFACN/LN0D#USE=SHR 
/  ASG  FT49F001.USERCAT/054/34C/HAUSjl/VLFf,ei,USt  =  SHR 
/  FO  FT 10F031 »t  ANO  =2/2Q/2tFCRG=DS 
/  FO  FT10F002»3AND=2/20/2#FORG=OS 
/  FD  FT10F003tB AN 0=2/29/2  » F0RG=  OS 
/  FO  FT10F0t'4,BANO  =  2/20/2,FORG  =  OS 

/  FO  VLFPPT,tAN0=2/10/2,RCFN  =  F3A,LR6C  =  133,SKS/.=  3990 


/  FXQT  CPTINE=16000C 

,dpr=<A, 

C.K.I). 

ADDMCM  =  3jR  > 

GENERAL 

SfcROOl 

OPTIONS 

T 

STATION 

NAA  44.7 

-67.3 

17.8 

iO.  O  . 

NONTH 

JUL 

SPROB 

3  .SCO  .9G0 

•  99  j 

SNPROB 

3  .500  .900 

.990 

RADIAL 

90 o  350  010 

150  OiC 

GENERAL 

StR0?2 

s/s:ok 

OPTIONS 

T 

9 

STATION 

NAA  44.7 

-6  7.3 

17.8 

iOwC. 

NONTH 

JUL 

SPR06 

3  .5GU  .900 

.990 

SNPROB 

3  .500  .900 

.990 

RADIAL 

OCR  350  010 

100  o:o 

GENERAL 

StRl/03 

JAM 

OPTIONS 

T 

TL3C 

MIN  54, 

28. 

26.1 

5  05. 

NONTH 

JUL 

RLOC 

SS8N  60. 

-H  • 

OPTIONS 

T  T 

9 

STATION 

SS8N  60. 

-10. 

26.  1 

100. 

NONTH 

JUL 

SPROB 

3  .500  .900 

.990 

SNPROP. 

3  . 50C  .900 

•  99  C 

RADIAL 

130  2  70  R£)  i 

090  no 

GENERAL 

SCR. 04 

OPTIONS 

T 

9 

STATION 

NAA  44.7 

-57.3 

17.8 

1000. 

NONTH 

JUL 

THRESH 

3  60.  48. 

30. 

3  12. 

• 

<\ i 

I 

• 

1 

RADIAL 

330  480  CIO 

120  01C 

41. 


/  CAT  USFRCAT/U54/860/rtAUSJi/VLFACN/RUN5/5M0.1»AtNMrFT  l0rOH 
/  CAT  USERCAT/D54/B60/HAUSJl/VLrACM/RUNS/jrRC.2|4CNN=cTi0c0C2 
/  CAT  USERCAT/054/ast/HAUSJl /yLFACR/RUNS/SFiUt 3, ACNM=r T10FO33 
/  CAT  USERCAT/054/360/HAUSJ1/VLF ACB/PUNS/ jE» 004,ACN“=FT 10F004 
/  CAT  USERC4T  /L'54/E60/HAUi  Ji  /  VLP  4CN/ RUNS/ V  LFP  *T  , 4CNM=VLFPRT 
/  FOSYS  YLFPRT 
/  EOJ 

Fig.  2  -  Sample  A  Oplion  Job 


1000.  lOAkC 
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Sample  A  Option  Job  (see  Fig.  2) 

Notes 

(1)  Assign  the  VLFACM  load  module  file. 

(2)  Assign  the  WGL  noise  data  fiie. 

(3)  Define  the  FORTRAN  unit  #10  files.  Four  files  are  written  on  unit  #10,  one  file  for  each  of  the 
four  Radial  cards. 

(4)  Define  a  file  for  the  VLFACM  printed  output. 

(5)  Execute  the  VLFACM  program.  All  the  cards  that  follow,  until  the  next  JSL  card  C7"  in  Col.  1) 
is  encountered,  are  defaulted  to  the  standard  FORTRAN  input  unit  and  are  read  by  the  Read 
statements  in  VLFACM. 

(6)  The  T  in  Col.  1 1  selects  an  A1  option  (fixed  transmitter,  mobile  receiver).  The  9  in  Col.  30  lim¬ 
its  the  printed  output  to  the  data  from  every  9th  bearing  which  is  computed. 

(7)  Since  this  is  an  A1  option,  the  Station  card  specifies  the  transmitter  location  as  44.7°  North,  67.3° 
West.  The  frequency  is  17.8  kHz  and  the  radiated  power  is  1000  kw. 

(8)  The  SPROB  card  specifies  three  time  availabilities— 50%,  90%,  and  99%.  These  are  signal  time 
availabilities  for  "all  hours"  since  no  jam,  specific  hour  or  worst  hour  options  have  been  selected. 

(9)  The  SNPROB  card  gives  the  signal-to-noise  ratio  time  availabilities. 

(10)  The  Radial  card  initiates  execution  of  VLFACM.  The  signal  and  signal-to-noise  ratio  thresholds 
are  computed  and  written  to  file  FT10F001. 

(11)  The  new  General  card  specifies  an  S/SCON  option  and  gives  the  jammer  location  as  64°  North, 
41°  East,  with  a  radiated  power  of  1000  kW.  The  JO  in  Cols.  71-72  specifies  the  distance  incre¬ 
ment  to  be  10°  This  decreases  the  VLFACM  computation  time  for  this  option  by  a  factor  of  10. 

(12)  An  A1  option  is  again  specified.  This  Options  card  is  required  to  follow  the  General  card.  It 
interacts  with  the  S/SCON  option  on  the  General  card  to  generate  a  VLFACM  run  with  a  fixed 
transmitter,  a  fixed  jammer,  and  a  mobile  receiver. 

(13)  This  SPROB  card  gives  the  time  availabilities  for  signal-to-jam  ratios  since  this  is  an  S/SCON 
option  run. 

(14)  This  Radial  card  initiates  execution  of  VLFACM.  Signal-to-jam  and  signal-to-noise  ratio  thres¬ 
holds  are  now  written  to  file  FT10F002. 

(151  This  General  card  selects  a  JAM  option,  i.e.,  a  fixed  receiver,  a  fixed  jammer,  and  a  mobile 
transmitter. 

(16)  The  T  in  Col.  14  selects  a  B!  option  which  must  be  run  to  compute  the  jam  signal  at  the  receiver 
location. 

(17)  The  TLOC  card  specifies  the  jammer  location,  frequency,  and  power. 
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(18)  The  RLOC  card  gives  the  receiver  location  and  executes  the  B1  option. 

(19)  The  T’s  in  Cols.  11  and  13  specify  an  A2  option  which  must  immediately  follow  the  B1  option  for 
a  JAM  run. 

(20)  The  Station  card  gives  the  receiver  location,  since  this  is  an  A2  option,  and  the  transmitter  fre¬ 
quency  and  power.  Note  that  the  transmitter  frequency  specified  here  agrees  with  the  jammer  fre¬ 
quency  specified  on  the  TLOC  card. 

(21)  Note  that  the  month  specified  for  the  A2  option  agrees  with  the  month  specified  for  the  B1 
option. 

(22)  The  SPROB  card  gives  signal-to-jam  ratio  time  availabilities. 

(23)  This  Radial  card  executes  the  A2  option.  Since  this  is  part  of  a  JAM  run,  signal-to-jam  and 
signal-to-noise  ratio  thresholds  are  computed  at  the  fixed  receiver  location  as  the  location  of  the 
transmitter  is  moved  along  radials  from  the  receiver.  The  computed  data  are  written  to  file 
FT10F003. 

(24)  No  jam-type  options  are  called  for.  Ali  previous  options  are  reset. 

(25)  The  T  in  Col.  12  selects  an  A3  option,  which  computes  time  availabilities  for  specified  signal  and 
signal-to-noise  ratio  thresholds. 

(26)  The  Station  card  gives  the  transmitter  location,  frequency,  and  radiated  power. 

(27)  The  THRESH  card  specifies  signal  thresholds  of  60,  48,  and  30  dB  >  1  »tv/m,  and  signal-to-noise 
ratio  thresholds  of  12,  -6,  and  -24  dB. 

(28)  The  Radial  card  executes  the  A3  option  and  writes  time  availability  data  to  file  FT10F004. 

(29)  A  blank  card  terminates  VLFACM  input. 

(30)  The  four  files  written  on  FORTRAN  unit  #10  are  saved  for  later  processing  by  plotting  programs. 

(31)  The  printed  output  is  both  saved  and  printed  out. 

Sample  B  Option  Job  (see  Fig.  3) 

Notes 

(1)  Define  a  file  for  FORTRAN  unit  #10.  The  B  option  unformatted  data  is  written  to  this  tile. 
Later  it  may  be  plotted  using  the  B3PLOT  program. 

(2)  The  T’s  in  Cols.  14  and  21  specify  a  B1  option  with  unformatted  output  written  on  FORTRAN 
unit  #10. 

(3)  The  RLOC  card  executes  the  B1  option  and  writes  one  record  of  data  to  file  FT10F001. 

(./  The  T’s  in  Cols.  15  and  22  specify  a  B2  option  with  unformatted  output  written  on  FORTRAN 
unit  #10.  Note  that  a  new  General  card  is  unnecessary  since  no  jam  options  are  being  respecified. 
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(5)  The  RLOC  card  executes  the  B2  option  and  writes  a  second  record  to  file  FT10F001. 

(6)  The  X’s  in  Cols.  16  and  24  specify  a  B3  option  with  unformatted  output  written  on  FORTRAN 
unit  #10. 

(7)  The  RLOC  card  executes  the  B3  option  and  writes  a  third  record  to  file  FTI0F00I 

(8)  A  blank  card  terminates  VLFACM  input. 

(9)  The  three  records  of  data  written  to  file  FT10F001  are  saved  for  later  plotting  by  the  B3PLOT 
program. 


0 

0 


Q) 

© 


© 

© 


0 

© 

© 


/  JOB  HA'IS^RIVLMC,*»5il099lni»lAtJSjl»CAT  =  5»LOC=PTr& 

/  LTMIT  9AND=*>0»RIN  =  ld 
/  JSLOPTS  OPT  - (L ) 

/  ASG  FT^9FC?;  .USERCAT/eSs/^A./rfAUSjl/VLFhOIiUSt  =  SfK 
/  4 SO  SYS.LN6U»US;;RCAT/O54/t*60/HAUSJl/VLFLC4/LP6D»US::rSHR 
/  FO  VLEPfiT  ibANOs2/lC/2»PCFNs,:flA»LREC  =  l33*BK$7  =  3990 
/  E'O  rTl)rfcl»PANO*2/AO/2 

/  FXOT  OPT  =  ( A  »C *  I ) »  AODMEP  =  30K  »L 1ST  »VLFP4T 


GENERAL 

Sf«005 

OPTIONS 

T 

T 

Tide 

NS  S  39.0 

-  7  fc  *  5 

23.4  57.. 

MONTH 

JiJl 

RL0C 

GB'tY  53.** 

-60.5 

OPTIONS 

T 

I 

TIOC 

NS  S  39.0 

-76.5 

23.4  50u. 

MONTH 

JUL 

SPR0B 

3  .500  .900 

.990 

SNPR0B 

3  . 500  . 900 

.99  j 

RLOC 

GMY  53. 4 

-50.5 

OPTIONS 

T 

T 

TL0C 

NS  S  39.0 

-76.  5 

23.  4  50c 

MONTH 

JUL 

THRESH 

3  60 •  66# 

72. 

3  18.  C4. 

RLOC 

GBAY  5 3# 4 

-6C.5 

/  CATV  USCRCAT/054/Q6 d/HAUS J 1/VLF ACA/RUNS/SEK 005, AC NN= CT lO^OO 1 
/  CATV  USER  CAT /D54/B60/HAUS Jl/VL FAC M/RUN S/SER 005/ VLFPRT,ACNMaVLF PR T 
/  FOSVS  VLFPFT 
/  FOJ 


Fig.  3  —  Sample  B  Option  Job 


PLOTTING  PROGRAMS 

Four  computer  programs  have  been  written  to  produce  plots  of  VLFACM  data  (see  Fig.  I).  SEG- 
CON  draws  a  rectangular  contour  map  of  A  option  data  computed  by  VLFACM.  The  map  scale,  size, 
and  boundaries  may  be  varied,  and  land  masses  are  automatically  drawn.  POLCON  draws  a  polar  con¬ 
tour  map  of  A  option  data  computed  by  VLFACM.  The  map  pole  and  orientation  may  be  varied. 
Also,  the  map  scale  and  size  may  be  changed.  Land  masses  are  drawn  automatically.  B3PLOT  gen¬ 
erates  diurnal  plots  from  any  of  the  B  option  unformatted  output  data.  Scale  and  size  may  be  varied. 
RADPLT  draws  plots  using  the  A  option  data  along  a  single  radial,  the  A  option  data  being  the  ordinate 
and  distance  along  the  radial  being  the  abscissa.  Sample  maps  and  plots  are  in  Appendix  B 
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Appendix  B 

VLFACM  GRAPHIC  OUTPUTS 
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Fig.  B2  —  Sample  plot  from  the  SEGCON  Program  for  Serial  No.  003 
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Fig.  B5  -  Sample  plot  from  the  B3PLOT  Program  for  Serial  No.  005,  Bl  Option 


Fig.  B6  —  Sample  plot  from  the  B3PLOT  Program  for  Serial  No.  005,  B2  Option 
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Fig.  B7  —  Sample  plot  from  the  B3PLOT  Program  for  Serial  No  COS,  B3  Option 


LONG  WflKf.  PRDPOGR11QN  CENTER  NCPP  74  <  5ER00 1  ) 


NRR  i  lOOO.C'W.  iUWij 
JJi.  <RlL  hRURL) 

0.00  t«t  'NO 'St  ;«  iHHZi 
VN  SIRRING--,;  70  , 
lRI  uRN 

NRR  14.70  -S?.-:C’ 

NRR  CROO.OKW.  iT.OCKRZt 
JOu  <RU  hRURI) 

0.70  I1!  tNG’St.  SV-iKNZ) 
S/N  SlRRUC-iOO 
LI7I  LON 

NRR  44.  70  -S7.00 

NRR  (iOOO.OKV,  j7.lW2) 
Ju'u  <RLL  HOUR!.) 

0.70  TR  \NR’St  5W-iW) 
S/N  StRRlNC-  TO  o 
LRi  i  RN 

NRR  44.  70  -R7.~,r> 


Disf'  (MtGRMETERS1)' 


-j  .  ■  t  o ,  i  i . 


NRR  UODC.OKW.  i7.  i’CWMZ) 
JJu  (RU  HRURL ) 

0.00  IR  \NR’St  SW-.HKZ) 
VN  SIRRING--  0  rJ 
i  Rl  LDN 

NRR  44,, V  S7.0C 


Fig.  B8  —  Sample  plot  fron,  the  RADPLT  Program  for  Serial  No.  001 


